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ABSTRACT OF TJlli DiSCLOSIW. 
Ati i>1ectT0<le device Tor elcctricatly hbtttini: undergrourjd 
deposits of hydroc^^rbons such as oil sautl or oil sbulc^. PJuial 
well pipe c-ectiofis art joined through ).]unulate<l pipe joints with 
nn C5I litt.rodc caiine<ited throu^li one of thii in.sitlatEd pipe jointn 
S to a loi^fer one of t.hi? pipe sccMons. Each of the insulated iiipo 
joints incluJes a fii-ist tnHuXfir membei: ha\'ing a flange portion 
At oiio fend thCTKof^ 3 peconi! tubular mombcr haviiifc a ctip pi^rt.inn. 
at one end i?hich is recbivod in the f]apgco portion of the first 
tubutat miinibor with a gap ther^betvfeon , and an insulaLinft jaembcL* 
10 dis^'posf^^ in the ^pp lor hermetically couj>li[ijj tlic fir^t and 
second tubular members and for cloctricflJ.!/ ip^ulatJ.pg first 
and second tubuler membfsrsv ^voni on© another. 



I■LL^CT»OfiE DEVICE FOR Ki^EiCTRlCALLy HEATING 
UNl>liKU5iDlJTO DEPOSITS OF HyDK(3<;AimO}^3 

BACKGlwmD OF THE r^{VI:^^TION . 
The present Iwoptioiv relates to an electric device 
used to electrically heat un (5 Dr ground deposits of hydro c arb o h s , 
More specifically, the pr^uent invention relates to an electrode 
5 d&vice vfhich is used to supply electrical power ta a-n underground 
depo&it tTiereby to heat the hydrocarbons pre5<^nt in the depoi^it 
to cause them to have a Upn^er viscosity aad hiy^t^r f]uidit/ in order 
to incro easily remove" thera from thG- v^tJ . 

Tho term ^' hydro carbuiis;'* as used hereinsLfter means 
10 ■ petroleum or oil, bitumen contalnod in oil sand [also called 

"tar sajid^') ^jwl kerogen toutalHed in oil shale. These vili all 
be referred t<^ as *'oil" for simplicity. 

If the oil in the underground deposit has sufficient 
fluidity. It is possible to Bsctract the oil through the well 
15 eithar by gas pressure coexisting iit the oil layer or by forcing 
a liquid such ais brine into one well to forco th-e oil to flow 
out of another well. JJovcsver, should the underground oil havo 
low fluidity, it cannot he e retracted until the oil is made mora 
fluid. A iteneral method af making the oil f^uid is to heat tho 
oil th[?reby to l&wer th^ viscosity of the oil. The temperature 
suitable for this is different for different typef^ of oil. 

There have hoen proposed as oil l^yer heating methods 

- 



the injcittion of hot water or water vapors at a high temperature 
under a high i>ressure, supplying electrical power to the 
underground deposit, u^iderground combustion in which the under- 
ground oil layer is ignited with a supply of ;iir 30 that it may 
be burned, and the jise of e7q)lo5i%'e5. The last two methods are 
difficult to contTDl so that thoy ^tb not xtj gQ-noTnl uso* 

According to the method of injecting the hot water or 
water vapor a.t a high tetmperaturD anil under sl high pressure > 
the oil layer is heated to enhance the fluidity a£ thd oil to 
cause the flxiid oil to flow out to the ground surface. If, how- 
ever, sojne regions of the oil deposit have a low x^^istaTicQ to ' 
the floK of hot water or water vapors or there are voids in the 
oil layor^ the w^t^x or vajroxs m^y collect In these regions nnd 
fail 1:0 diffuse throughout the whole layer. JOoreover, if the 
oil layer is solid and dense, the hot icat-er or ita va-pors will 
again not difftise so that the oil layer cannot be heated. 

Heating by the supply of electrical pow&r jierfufmiid 
by drilliug a plurality of v/olls in tho oil layer and "by estal)lish 
ijig potential differences betwe&n electrodas disposiid in the 
wells 50 that the oil I^yer is heated by its r^^iistanc^ to tho 
electrical current vhlch floTfs therethrough. Thiis tochni-que is 
advantage DU3 in that tho oil layer can be vholly haatad with easft 
even if it has voiiJs or is solid and dense. Hotrever, another 
device is required for pumping up: the fluid oil. 

For improving the oil producing efficiency » there has 



Hvitthi^r been l>ropos&d a cnDthod v/hich includes a first st^p of 
bent.ing the oil l^iyor by electrical fc<;iAtuTK:& heating and a step 
of injecting hot w^ter or i^ater v;ipnT<i jit a high te/nperaturc and 
ondyr a high pTe&siir*> when ths c»i.i layer beco^yes soft whij.e con- 

S tirnuhg the heatirTg so that th© resuitant fluid ail mtiy He pumped 
Dut, In ordej' tH> efficiently heat the ail lay<:Ti tho slBctroOe 
device must be saf f iuiuntly electrically insulated thut the leak- 
aae of eluctxic^illy current into underground portiuRs -DtK&r th^n 
the oil lay'ax is avoided as much as possible. Tha electrode de- 

10 vititi 5..S also required to be atibrcakAiblo with r<;5pect to the under- 
ground soil "pressure, the piessuxc of tho vapors which are gener- 
ated by the he^tinjf operation, ^-j\d the pressure of injecLed hot 
v/ater or hot high pryssur^ water vapors. The electrode; d6vic« 
is further required to he free from loakagu of hot water or hot 

XS high pressure KAtcr v&pDrs. 

Til ot4(^t to explain, the electrode device of this gtiucral 
type more fully, an example in wlilch the oil is oxtxacitad from 
oil 5Tjn(J will be described. 

Oil sand, also called "tar sand", is pTts&nt in Is^rge 

20 quantities in Canada, Venezuela and the United ^States. 

The oil in the oil sand is typically mixed with brine betu'eeti 
sands in deposits. Moreover, it typically has such a 
remarkably high viscosity that it has essentially no fluidity 
in its natural state. A deposit of tlie oil sand may be 

Z5 paxtlally exposed in a valley or at the banks of 



a iriveir bat most utton locz^tGd ontf.rfily m:(doxi;roii«<=I at d 
dopth,.of 200 to 500 ra wbJ.lK haviiifj a tfiiukjKiiGS of. uKVcraX tf-.nE 
o£ .meters., I^uts to conpi.rlftrat±r>n of f^-oon^my dud onvirOiOli^-ixtAl. p;i:o- 
Uoction, it iB noc^BBEtry to separate oat the oil undeircf round and 
to extract anly the oil -froiy the well. :^-Toreoyor, f?incB the 
extract io/i of ol). from elial low underground Xayer ±6 accoanpEinicd 
by a danger of subsldcnoe, it: i£5 <lo5nrable to extract oil only 
£ra«i undesjcgrownil layero Jyin^j tSeepcr than 300 la. 

Furlher aapEots of the hinih^jround d± the Invent ioit and 
the Xnvention of tho present uX'P^-^^^^'^°^ fl?iRcribed wi Ih 

thfi a&cistaAce of thfi accompanying drawings in' whlcht 

1 ia i;chematiG s*^otional view show5.]nc3 a 
conventional prior art insteillabloTi of the fseueral tyt?e with 
vbich the 3.nveiition is \il:ili.siert; 

Uig* 2 is a L^ros 9 -Sectional. vS.ew oi:' aii ineuliittid pipe 

^oiD-t oE the invention? 

Fig* 3 is a oroaa-ae^tionaX vie^^ showing sworal joined 
pipe BQctioii£>, an electrode and in&ulftlved pipe iotnta in uccoudanoe 

Vith the invention J and 

Pigrf. 4-7 are ^i* series ot cross -sectional vlax^s 
iXluatrAtlncr tha use oS insulating coatingi>' in acoordanco V9i<;h 

the ii:iVGjiitiotx- 

Fig. 1 iil\ist:ratai5 tho' heating OJC an oil S^and layer . 

}yy BlQCtxodeB couplad to a powc^ supply, in pig- 1^ rcfe^rencB 

numeraXa 1 hnd 11 indicate main guide plpsr> made n5 ste«l. 5! 

and- 12 indicate lnsulatci:s 3oined to tiic loain ^ide pipes 1 and 

11, 3 and 13 indicate clectrodei^ joined to th6t inwlators 2 and 

12, parCorationa &X& fqruiEd in th« electrodes 3 i*nd 13, etid 4 and 
i4 indicate cabXe9 for feeding an eleotric; current to the eXe- 
ctrodos 3 ai^d 13. Tbia assembly ia hereinafter called tog&ther tJie 



"c>.\ccV.roc?e clewi<:e". Rcferenc^R niicfierai 5 infli-cutes u power 
aouroc. 6 infiXC^tftfJ ail oil Scinia li?verr V indiCDtea tail oicctric 
currcisit OawlAq between thr^ cl.e.r.tsroclftR 3 clncl }.3, B indicatCC thP 
groui^cS surfune, 9 indicateB an OVCtrbUTden layer,, and 10 in- 
dicrates a Layer below the oil sciiii:! layer, 

When a voltEi^c is af'pii.eta to tho eLftctrodcc .3 and 
13 whic>i aro buried in the oil Rajxct layar 6 fxorn tlio power 
80urcE 5 through the. cublco 4 an^l 1^, thO ourrfint 7 fiovJS n.J> 
accorrlanc-e with the electric rao I Unncft of the oil sand Iflycr 
G as a reRult 



pf v^hicb the oil sand layer 6 is heated by Joulft &t resistanci; 
heating. Although, the nQTrent 7 paztially flows into tho over- 
ijurdBn layer & an<f the layer 10, the leakiijje is laaintainfid at a 
low level because* the insuititoi's 2 and 12 are Interposed Lolween 
the main guido pipes 1 and 11 and tho electrodi?s :5 and 13. After 
the oil sai)d layer G ^as been warmed, the pow6r 5upply is inter- 
rupted. Hot water or water vjipors at a high teuiperature under 
a high pressure are thou forced frtym the upper inlet of <>no m?in 
guide pipe 1 of the electrode dovice and flow thioufth the oil 
sand layer 6 until they CDn^e out of the other main guade vip^ " 
11 carrying the oil, m ordea* to impyovo the flow rat^s of the 
hot ti'at^r or the hot pressux^ water vapors, perfoTacions are 
fdrrji&d in the electrodes 5 and 13. 

Since the upper portions of the insulators 2 and 12 
are connect to the main guide pi^es 1 and 11 and the lower 
portions tire connected with tha gti.ectrodos 3 and 13^ a doicn- 
v;ard t^n^sile str&sR is ali/ays applied to fh« insalatDv-s, MoT'e- 
ovei% since the tt:s,serably can be at a tcLiiperature as hijfh us 
ZSO^'c to 300''C, the insul»tDrs should ha ahl.e to withstand such 
tempiirHUires. Aisa, since th[* insulators 2 and 12 are burietS 
undcrgToimd as dtjgp fjs several hundred maters with the electrodes 
S and 13 suspended f;rom thciT Lower ei3d<> with the upper enJs 
thuT^of connected to the main guide pipes 2 and 12, the insulators 
Z and 12 will itimost certainly contact or collide wUK the well 
walls whilo they arc lowftred into thtj well. Bccaase of the 



gTti3.t total v;eii»ht, any Alight contact will impose fi hi^h siiiichi- 
nical impact upon the insulators l and 12* Tberel'ove^ the 
irisulators 2 and 12 ^itc roquired to be able to withstand ^mticxjjatcd 
Levels of mechanical iiapact-. 

5 In an electrode dcvicti which hpat? an oil sanO layer 

■tfhen it is siiijpliEd ici-fch &n elBctric current, a jiisijor probiem is 
that the olcctric reslj^taiice in the oil sand layer is approxi.jiiately 
equal to the overburden layer. Since Lhese eiectric i esists-iiccs 
differ depending on place and conditions, they tiamiDl piMiCrally 
be precisely stated. HawovGr^ avorEig© valufi^i are ].f>l>ft-in For 
Che oil sand la>'Dr and liifl -1 so*i-Ti i'or the overburden layer. A? a 
rti^ult, if- an electric current is supplied to two electrode Uevlces 
which constructed by conn^ctiJig electrodes to guicip pipes mad^ 
of steel pipes and by disposing those electrodes in the oil sand 

IS layer, TOOiSt of iho c^irrent will be coiusumod iis the ovcxliurdeii 
layer. In order to avoid this problem, it is necessary e^ithex 
to cover the surfaces of tl^e guide pipes vith an insulating coatin^i 
or insulate the electrodes from the guide pipes. 

Various attempts have been made to provide insulators 

2t3 wKicb satisfy the af urenxe tnl oiied requirements. In one such 
Etttcmjpt* flttiiKcd tubular meinhers made of m^tal are coatod with 
*n argaiiic I'esift whicli provides a hi^h resistance tg heitt. An 
appxypriate nsaterial is polytetraf luoroethyl^^nti refiin (foT example 
'^Teflon*^^^'' -which tr&dc name of du ?Dnt) . ^'ith this 

25 cons true tl on ^ insulating momboxs Eire provided idiicb are 

satisfactory in th-iiir ability to -withstand a suispundin^ load 

- 6 - 



fln(l iiiecJianical impact forces, vioKCver, it Im.s pjoved quite diffi- 
cult to coat the fiaTif© pDrtT[>n5 satisfixciory with the insulat- 
ing oifiterial. Mrtri^ovev, even If sat.isfeictoxy iusiilatiiijc: char- 
actevistics. arc provided at n>oiii tonuporsture^ the iiiiiaiating 
5 cDstang has a tcnde^ncy to sej^arata, es]pecislly ^iroiuid tho flange 
portions » dup to repeated thcruiHl expansion and cyTi.tr^ction 
such fin is typically cnc-oiintered in normiil fjperating con<Jitioi3!& . 
If the insulaticm coating is brolcon or caused to flake off, rhe 
insulators thuA pTcduced Iscconit; useless, 

10 Ttx ct second attempt, porcolalu snatoii^^l has been used 

for forcing the insulators r Hcweviir, it dlso necessary in 
CQTi&tructinfi the Insulators to take into account the roquitement 
for providin^j water and oil tight characteristics with r aspect 
to the Connection between the main ^uitle pipes 1 and T.l and the- 

IS ol&ctTodes 3 and 13 as wbXI as between the iusxilating member. 
Tho connection has generally been made by shrink fitting metal 
pip*j,s on the outer peclplittral surface of thi* porcelain pipe and 
then connected with otJier metal pipes ordinary technique? i^ucb 
as welding or ctttachment with hol.ts, !'/ith this constTxiction, 

ZO although tho wall or oil liKbt characteristics may be acceptable 
at room temperature ^ the strength pf the shrink- fitted joints 
tends to drop as the tctnpcratuTe is increased 5g that the abi- 
lity to support the su*spended load is coi'respondingly lowt^red, 
MoreoyBT, breakage of the porcelain may taken place as a result 

25 of the stress imposed upon the leading end portions of the shrinl;- 

- 7 - 



fitteU areas. Kt\ order to eliminaK; su<zh (3raKl>ac.V^ , there }ias 
beeti proposiid t>it? use o£ a porceiain pijje having ends formfrJ 
as fjange^ portions with the flan^B poi'tlons fastened to jiictul 
pipes with packings intPTpPsed lietweeii tlio contact surf ^ceF . 
With thi^' construction, the above- stated requirements ^re met 
at room temperature. However^ the water and oil ti^ht iscEtl.ing 
tends to deter toTfite upon repeated tlidriiial oxpansign and con- 
traction. Moreover > porcisliiDn intrinsically lacks strength 
against mechanical ijiipact farces. Thus, it has a higb tcTuJcntiy 
to "be broken by zt lUQc^h^Tiic&l impact force soi^li as xk oTdinarrly 
encountered wliilc t5)f> Eis^jembly is lowered through tho w^?ll. 
Thus, tho pro^3*.ion of a porcelain insulator suf furs from the 
unavoidable defect that th«re is a high tondcymy of brea^kage. 
Vet .Eurthe^r, ijisulators faimod of organic polymeric 
compounds have been proposed. Although 5i\ich compou]ids may have 
^ High strength at room temperature And ilt^ quite good electrical 
insulators, uiost oL* tlie compounds o£ this general class are not 
particularly heat- resistiitt* Specif i call y, very fev cofupoiJTids 
of this, type i^rc kuuwn which are Tresis tant to hot wAtcx or \/-atoa' 
vapor at lii^h temperature and uTider high pressure* 



STO'lARY OF Tlh l JNVT} N TK)W 
In accordajiLc vi-ilh tlio inventu>n> t>i(3re provided 
an clGiitTDde device inr electrically heating un(ieTgrouT>d deposits 
of hydrocarbons ii^cluiiiiig a plurailc/ of well ]>i]iii sections , 
5 an electrode adapted to be disposed in an underground ileposit 

of hydTQcarbons J:ox supplying on electric current to tlie under- 
ground deposiLs, a pliiraliL)^ of iTi^ulatin^ pip^ jnijits oxch 
including B. firi^t tubal y-r Tnember having a flaivgE? poxtioTi at one 
9nd thereof , a second tubular member having a cop portion at 
10 one end thereof adapted to bo rccLsivcd in tlic flanftt portion 

of the fir&t tubulax mgrtibqT with 5 gap therebetween and nn In- 
sulating Tuember disposed It? the gap bet^veen the flange portion 
and the cctp portion for hermetically coupling the first and 
second tubular lacmbers white al&ctrically insulating them froifi 

IS One p-nothftr and with the insulating pipe }[?int.'; being iisert to 

couple at teast some o£ the pip« sections together and the e^ec 
rrode to one af the pipe isettioTis, end a cabl 9 conTiected to the 

electrode for supplying an electric current thereto. 

At luast SDJruj of bho iniSulntin^ pipe joints can bo 
20 interconnected. Tlie insulating member of each of the ijisuiattid 
pipe joints includes a first insulating portion disposed in the 

gap bctfc/Cun tho flange poition in the Dup portion and second 

insulating portions disposed adja-cent inner and outer s^urfaces 
of Lhe tubular members with the fitst and second Insulating por- 
25 tions being formed integrally with each other. Preferably, the 



inisulating Ji\Riisber of Riirh of the iiiEuLattid pi]?0 . j^^J-t^tCi j.:; 
oZ a ijluss-Jfinica laioldlii^ .(:orjno<T Trom v'ov^'^lisrG of -glaJ^F, and mica, 
An insulatincj coatincj may be provided on nt least ii portion of 
the owtox^ t>arr:aoi^ of tho iri::uX6fce(l pipe ^ointf:. Thi.n coHflp.g 
ift&y foe a re 'J in' oi: polytiatr^ifiuoroutUylctia r a resin of d\plj<^nyl 
oxidii- >lOieovorr a protective iuyer of insaicition can be 
l>royxf3ed arourxt at Icasjl- a port Aon of tbft inBulatxng cL>Eiting* 
I'he protecUive ].ay€tr Jtiay be; an inexpensive mai:eria1. auch as? 
polyctliylciio^ poiyproyylenti ox polyvinyl chlorida. 

Pvirtb^r ob^iiact^t ana afivanVagee of tbe invention will 
appear froia the followincf description te^kcn togetber wiUb the 

Accfiirtpanied drawing o. 

In accord titice with thti invcihtion, tharo ic pxovicied 

an Bleu trie al ti^ating elacJtrode device which is entirely frOG oL 
the: afoove-Kientiojxe-cl ara\tfbac?;s * A preferred emhodiinent o£ 
the &l«icfcrodo device of. the Invention viLl be described in dctai 
iiirBt, vith riiilt^ronce to Flq. 2 whiuJi sh(>\^s ft (?roRS-£;ectional 
vie^^ of an inBulait^ pipi3 Joint 21 which iiJ utilised with the 
BlEctrodtj dt»vic6 of the iijv©i»ti.on . 

The pipB joint goiwir^lly doeignatcd 21 In Figure 2 
comprises four basic elemental 

a f-irat tubular itiember a secoad tubular marabar 33, 
a cylindrical aleeV6-lik& eov^r membiii: 2^, and an insulating 
in^mbsr 35. . 

»i^he fir' at tubultir jTiOA^bex 22 coinprl£;ec a cylindrical 
tubular p;>rtlon 23 with a radially t>utwardly extciidtncf flciage 
portion 2 A at a lowtsr tocS aK shown. 

The ccconcS tubular ni05nX>er ^3 compriBeti a cylindrical 
tubular portion 30 with a radially outwardly extend vncf hub pork: 



-10- 



I 



I 



25 at an upi>ROr: pn^l efj :>iiOwri> The iiito.riox diajnetui" of tubular 



portion 30 of th^ t^unutici tubul-nr ]iffimti*?ar n.8 ehov;n idautlcal 



to the interior aiameter ot Uubular portion 23 ot the flrsu 



Hub pr>rti.on 2f/ of f-hft 2nd tub"Xcir tnembcr 33 i& provided 



with an inUfcrj^al eiunular recess 31 as ihown. Huh portion as 



is also provided with external thread b 32 which mate vit.b 



thread 15 29 .on covqt niember 29 t'o be doacribod. 



Slceve-likc coven JUembc^j: 2^ coiityriaeii « cylindrical. 



10 U-Ubular, drum-like portion 26 with, internal threads .28 at on^j. 

lovor ^nd as shown in Figure 2 and a 3:adial3y inv^firdXy extending 
0£ij> portiun 27 at the other upper end, TV? shov/ai fubular poruioa 
26 ha^J a larger iuttirnal diE^iuetsr thstt tTiE external diameter 



provide a grap therebetween to be occupied by Insulating member 

cap portion 27 of coyer mtsmbdr 2 9 hfie aji interniil di^imeter 
larger than the external diasaeter of tubular portion 23 of the 
first tubuliir jnember 7.2 so ae to foriu a <;ap thcrebotwii-cji, Tli6 in- 
fcBjJnnl diamstsx- of cap pOution 27 is smaller thiin the external 

20 di Eunotfe^r of f iciiiyQ portioii 24 of the first tubular mciubcr 22 . 

>»referablY the firjit tubular xnember 22 ^ second tt^bular 
membcir 33 and cover luoinbcr ?.9 are made from steel. 

IiiaulatjL«gr member 3& includes an. oxs.uer .circvnnf erentlally 
insulatitti^ portion 36 whicti surrounds e>:uernal surfaces ot 
tubular portion 23 of first tubular member 22 and an inner cir- 
cumferential ly insulating portion 37 which fits Insldo the internal 
anivuilar rec&sa 31 of hub portion is of the second tubular luember 
33, The liin&Y: in&ulAtincj portion 3"? has thGt saiuc internal 
dlaineter as that of bubuXar portion 30 of the Baooiid tubular raember 

30 33, As inay bti Bften, infiulatin<j jmember 35 compriiitis an integral 



of flangii portion 24 of the first tubular jnerober 22 so as to 
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^ incAibe^r cxtcndiyKj iroxa ix^rtion 36 thereof to porlion 37 thexeof , 
IntegrEil insulating xTiRnO)<jr 3Ji tixug sj^nceB surfcitrc^S Ot' blie Xliryt 
ttubu.lAr iiieiuljer 22 from siirfacrftR of BecOnd tubulajf mOTObr^r 33 an<l 

cover mtiiftbcr 2^ by a gap occypiod as seen in i'ig^ur^ 2 hy ins ala tiny 
member i" 35. Insulating mfnnber 35 ineulat^ia first tubxxi-AX TM^TObcr 
22 frojn coatact with liocOnd tubxilar member 33 rand coyer jiieiiiber 

Wxth cover mecnber" 29 screwed down onto sGcOnU tubuliir 
mambfeir i3 as aiiovn in Figxlre 2, flan^ro portion 2^ ot first t\}bulDr 
;o member as «ncase<! by insu3.at5.ng rteinber 35 ia si&ndwicbecl between 
oovcr BCJobcr 73 ami the ugper end of hub par-tion 25 of the 
second tubulai: iTieiKtber 33, whereby insulating menibEir 35 may form 
^ hGTitiatio iseal botweon first tubular mecnlDex 22 and second tubuieir 
rocjnbcr 33, 

Ry i;crev.t»cf cover member 29 onto, aecond tubular 
meDObei: 33^ first tvbulcii: iriDJubor .22 may ho firmly p sealably coupled 
to fiCCOQd tufouXar member 33 yet inaulativeXy ISOlfttCi^i. l-.nfi.refrcmi. 

In aesGxnbly, first tubular: portion 22 rtiay bd iiifc^rted 
thrbucth cover meinbEr 29 follOwfiJifj which cover member 2 J) niay be 
20 screwed onto second tubular portion 33. Th^ Ijnsulal^ing member 
35 may s&&n to oocupy a cjap between the first tubular Member 
22 and the coiabi.nation of the second tl^buXar meiiib&r 3 3 eind COVOr: 
member 29- 

Pr&fGrftbly, the entire inaulating meittber is mftde of 
a oenipnaition of gXast? and mica and is formfed by a iot>idin(j -pio- 
ecsfif. The ins^^lating aneiub^^r is fortnctcl by ho^UlTigr a mixture of 
powcS^rs oil glass and mica bo a sufficiently high teinpisxature 
that tho mix-ture beocaneB fluid. Ones th& mixtuirc is fluid, it 
ifj pressure ivioldcd \1&xn9 a moXd of appropxiata SfhfiipC;. Thc for- 

Koatvon of the insulatin^j mctnber 35 vjilll \>p. deacxrbod in jnorc 
de tail.. 
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1 Tho firesl: linbxilar Hienibojf 22 ai\iX Ul« Becoiid tubular 

member 33 are asfioitibied to bo pocltionecX fis showi^ 5.u Fig. 2 nna 

thP.n h^atRd to a predctcmincd tcmperaUure. The two tubni.av 
membi^xfe at the c0.cvat€:<3 trempexatuxo a!cO f ittod into a Toold^ 
Ne-5«;t/ 3 mixture of glass atii3 Tfticft povdexB is prti);»arod by pj^e- 
/toldiiig tho irtixturL^ into the farm a preliralnRry molded Jiieiiib<ir 
of a cyJ-indrical shape which will fit iv thn gay bttv/CCn thp 
tkib\alar portion 23 ot tbo frirst tubular nve?n]3or 2 if and cover mfejiiber 
2^. The prclJLmnary molded Jtiember is heftte<3 to a prejdotcr[ftS.U(>d 
10 temperature ismd fittod in the Jjap in a heatod ccP^ition. H^iXt, 
a preetiuire is applied to thti preli.m.narY molded wcmbcr before 
it cooli; to force th& material o£ the n^LNiribcr to I'loir into l:bc 
gap between thB £iri;t and f;e.COi^<i tubular ineltibore snd into ±hQ 
in'barna.l annular receipt; il in tho se^corid tubular Kiomber 33- 

ror the material of the prelim inaTcy tnolded m^niborr 
45 vifc% ot gl.aBa pot/der prepared by pulver'iKing a glajie ueed fcsir 
6natnal coating steel objectB, cojamarcially available = as Pro<3uGt 
l^o. 2312 o£ Nippon Fexxo, Atd., to a eiaer of 2^0 mesh itiij^ed vlth 
55 wtft of mica powdex of eyntbetic phlogopoitc of a siz^ of 
20 &[> to 200 roesb. 5 wtS of water is added to the resultant mixtura 
to.^&t it »o .it can be tnoldod. 150 0 grci d±' the ^(Stted mixture 
ip molded utilng a ool-d pre a sure HQDldin^ pro cess to form a cyliii- 
di:ically shApe-4 body uaing a mold (not ahDwn) . Tho prcliiaioary 
Enolded ineaibCiJt: wa»5 dlBpostid in a drier- at 120°C for tWT> hours 
to dry it prior to ita usk in forming the iuBulating inejnbcr 35* 

As described above/ tbe covbi: wetflbcr 29 and ttie bub 
pojction 25 aro. joined by ^cx&w thrtjarSs. Howex'-er, the Invention 
is ijot lliTtitec? tliareto as tlic cover meiRbBx 29 nxid. the Unb por- 
tion 2f> can be: joined by vraldincy. 

I'a an alter nabc cmbod5.mentr cap portion 27 of 
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the cover joerober 29 ifl divided in!:o four qnadranLa IvfO of whic5f> 
are rftmovecl, 'J?hii flancie porbioji 24 of the first tubular .meiober 
22 ifj i;bon cut *xiu:h that the reniaininrj £>art oC tUc Ilaiiyc portion 
2 A cari fit thraugh tht? two rtiiDuvod yuadronts o£- thtj Lseip portion 
27 so tbat the fiancee portion 24 can be located unde?: uhc cap por- 
tion 27 of the cOvei' uiEJiiiibEr 25). 

VXi Uh tbe ir»f^U^.atc:d P?PR 3oint dormer il^scS abovB, a ten- 
sile forc'o imposed on tho otids of th6 joint is convex te-c3 into a 
campreBBive force wMch acta between tbe cap portion 27 ancl 
eian^jo portion 24, t'luco the compression pi-r^i^gth of tKe insulating 
mciabor 35 of th^i typo dcGcribcd is much cfreabei: than it? tensile 
strenyth and since tiie foroc po^t Unit arcfi can bo FJui Uabl.y Peb 
by ad^uctJj^f? tho eTCUenii of tho area on which the compressivE 
force:; arc applied > the resulting as?embl3' is guite strong and 
abl& to \fith^^t^lTlcl hit^i teniiilii forc&s imposed on the ends of the 
joint i 

/kt high toinpcratiirefi, for instance 300^C, the heat 
:i:o5tiEtant charactorijctics of the insulating? motnbor are prlKittxily 
• <ie ter mined by tlie thermal chArcictex-istioa of the gla&jj material 
■ua^i(i a? L'hc starting material, P^irtiuulEirlyf thes transition 
temp era t\*»re of this itiatorlal important. If th^ txans^.tion 



tempera ttue i-^ , for instance, a range of ""C to 600 C, 
a high mechanical st2'0ft£th for thu overall asspsnbly will be 
pre^eTved to a Lemperature of at le&?t 300*C. 

Xith Tcjspect to the roslsLance to mechanical impai:!- 
<; foTces> the mica powdDC which is u-sed to lorm the Insula tn.Tiij 
raeinliftr is composed df particles havinji a flat shape wherpixv 
the ratio o£ the dlamBtcr to the tbiczTcness of a single scaTe 
particlD feener^lly in a .rcinge of 30 to 50:1, Duo to thf. 
prosGncc o£ the .senile particles, the molded insulating membor 
10 has a Imidnated forP thereby providing it with a hlfth elasticity. 
This high elHStlcity would nat l)e pre5ent if the iL5u'laLiti£ 
msTiibor urere formed only of glass vowders . i^uc to the lar^.inateJ 
cons trtjct ion, t^se insulating memb&i: i=i provided with a much 
gre^ater resistance to repeated tempera tuT9 changes and mDChanical 
is Impact forces then is h V^tlor art t>'pe of insulating raesn^er luade 
cjf an inoxganic compowd, aiierefote, the insulatiftjt member 
prodaceii in accordance with the invention is surficioncly strong 
that it can withstand the t^'plcal ijnpatit forces which arc en- 
countered during the USC. of the structure* 
2n 7qDXt» the cnpstruction of a prefexrDd eiiihodlment 

of an. electrode device of the ix^vantlon utiliriiifi the above- 
doscribeJ luiiulated pipe joint 21 '^111 be given vith reference 
to Vfig. 3, HefBrcnce numerals 1 to 4 used in Fig. 5 indicate 
similar cosEiponents as those of Fig, 1. The righthand half of 
25 i^ig, 3 shows the completed strui^ture of the insulated i)lpe joint 
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21. As; ^>i<ivcTi iT^ the fngiire, the jlnf.vlating membeT 2 includes 
+KD iTisiiXatjed prpe joi.uts 21, One end of the insuLatitig member 
2 is connected to t?ie pipe 1 ond the other to Llic uicctrotlu 
3. These connDCtioiis may bp jund^ hy wcU-Kt^owti tecKniqupi? ^?^lch 
as wftlding or by t>te U5« of screw threads. 

As, in accoixbnce with the invenl-ion> the completed 
3TiiiulatL>d pipe jaint Zl ha5 ^ cDmrnoTv throughhole o^* c^in-Ktant 
iT\ternal diameter > the asi^embly and use thereof Is quite ea^y. 
Tor instasice^ the proviiion of the above-tScscrihcd partitions 
is quitfi isimiilE*, Of cfturfit?, more than twil irifiuln-ted pipo joints 
21 can be provi<Ied as needed. Also, one oT the pipe joints 21 
caii he cDnnccted dirccLly to the pipe 1. 

7f needed, such as in thi? case bT-Lnw havinp a hi^h 
salt concentration is used, the outer surface of the ini^ulated 
pipe joint 21 can be covered vlth a coating 41 of an organic 
substance having a jsuf f icieutly Iilgb heat resistant property. 

Thi$ is shown in the left hand ptiTt of Pij?. S. For example, tlie 
c«>ating 41 can be formed by sbi'iuk fittltig a "Tcflots " tube. 

A,*; dt3i;cribed abtivti, in accordance with tho itivetitlen^ 
the pipes and tha otoctrodes iifc Connected tibrDUBh the insulated 
pipe joints. Tensile forces applied at the ends of th^ insuXat- 
ed pipe joints are converted into compression forces vhich act 
between the cap pontions and the flajige portions thereof. Since 
tbti cortiprosAi^Ti strength of tho InsiiiAtitift- meinhcr is much greater 
than the tensile strength thereof, the overall electrode device 
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of the invent ion has a qui Id high roechjiTiical stVDn.^t.h and can 
witl^3tand high pressures and strong mechanical ijnpact forces 
so that it can be yscd under sdwtc opciatujg conditions often 
encountered in oil well application. 

Yet furtlicx> the coating +1 and the insulating members 
2 and 12 of tho electrode can ho furmcd from otlior matiiri^ls 
To determine what materials are best for th^^5e members, te.sts 
viere conJucted to investifiote the resistance oi^ various organic 
polymeric cojiipouadfi to liot wacer and v/ater vapor at high t^mpoTatai e 
and under "high pressure, Tho compounds Ijrtv e& b ignited are listed itx 
Tablo 1 hereiii+ 

R^ijarding the tests , te^t piocgs of oanh of the materials 
ver& placed in quartz test tubes filled vfitb piir^ water. These 
test tubes were placed in a 2 -liter autoclave containing pure 
water. The autoclave vas h^Xd at 2ao*'C at an internal pressuto 
o£ SB kg/cm^ for a period of 10 days. THb Hutaclav<> was then 
cooled to a room temperatare and the test pieces vexc chcc^ced for 
appearance. The results i^T^ presented in Table 2 fTom which it 
can be seen that hot v;ater and steaiD had a mach more adversei siffect 
thaT^ dry heat. 0£ the materials tested* only pol/tetrafluoroetbylene 
resin and diphcnyl oxide resin were acceptable. 

A cD&tinft of vater. and stoam resistant resin csn bo 
foxmod aiound the pipe 1 by repeatedly applying coatings of the 
caaterlal. end baking the assembl.y until the desired thickness is 
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obiained. Ms<>, a coating of the heat Tosistant r^i.sn cafi be 
fomed by i"ir5t prepaxijj^ a tube ol tho resin 'naving iiisitSe 
diameter siif;htly larger than the OUtslHe diameter oJ: tho pipe 
l:-ana then slipping the tube over the pipe 1, Tf the resin 
5 is in th(5 form of a sheot or tape, it my^y be ^^ound divectly around 
the pipe I ftTvd then ftis lor -bonded if uecBSHai^y. As diistiribed 
above, a he3t-iihrlnkable tube af polytetraf iuoroethylt>rie can 
ho slipped over the pipe 1 (iTid hDate^ to fit it tightly to Che pipe, 
Ai^ discussed above, wKqi^ the assembly iucluJing the 
10 electrode is inserted into the oil ijell, there is un2.voi»3abli> 
c'ottteict .with the inner wall the v/ell so that tbo heat 
resistant iJisulatiug coatijie ro^y damagBi- To prevent this, 
pretectivB coating of ins illation 16 "lay b^ formed around the 
insul^Ltioii 15 as shown in Pig. 5. Since the protective combine 
IS of insuijition 16 ma/ mfclt or coUapse if the electrode is 

9Xpose^ to hi^h tenipevattires, it can be mEidc of an Inexpensive 
raatevifil such as polyethylene, poLypropylenD polyvinyl chlniide. 

TypicaXl/> the total length of the guide pipe 1 is 
200 to SOO m. Howev'er, a single section of thci steel pipe that 
20 inakes up the fuide pipe 1 is only about 10 m tn length. *S'o Join 
thci pipe soctions. ^ach pipe section is provided with a taper 
thread on one end and the pipe sections are joiEied by screwing ■ 
theia together. An insaUtin^; co^ti^ig must also be formed around 
thp joined pai'ts of the pipe sections and oix the sTlrfact^ of the 
25 coupling. To at:co«»pli5h this, as sho^vn in Fig. 6, st^^l pipe^ 
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li\ 2ijd IB are crjv&red \fith the coat-lug of heat a-o.sistant inisulsit- 
iJig material 15A and IBR and arc joined hy a. couplin-j 17. A 
coatiftg of heat r^isistant injiiaatloji IGC 15 fonn&d KTovnrf the 
coupling extending ixito jidjacent aiea.s, A heat-sKrinkable tube 
S of a ^DlytetrafluDro9t]\ylene is p.-^Tticularly suitable in thi.^ 

To protect thcs iDsiilating coatings from di.r^ct coJitact 
ifith the inner wa2l of the ixell, stoel pipe sections lA «nd IB 
covered with the coating of heat resistant insulatiufi material 
15A and 15 B and protective toatings of inisut.ation i6A and 16B 

■ 

are first joined through the caupling 17. Thereafter > the cDupliiig 
16 is Cf^aX^d with the haat resistant insulation 15C and then h . 
layer o£ 16C if formed around the coupling and in the adjacDut 
areas as shut/a in Fig, 7. 
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lA and IB nre cpv^red \?ith the cont.iug of heat Tosistant in50l»t- 
ing material ISA and 15H and arc joined by a coupliuij 1'/. A 
coatiag of heat T^sisrant insulation 15C is fonned aTound the 
coupling' extending into adjacent areas, A heat-skr Inkable tube 
of a pDlytetrafluoroethylene is p.'&Tticuiarly suiT.aT>le in thi.i 
cas5. 

To protect thcs insulating coatinfis from direct contact 
ifith the inner va2l of the v;ell, sIddI pipe sections I A «nd IB 
covered with the coating of heat resistant insulating material 
15A and ISE and protective coatings of in^utation 16A and i6B 

■ 

are first joined through the coupling 17, Thereafter > the cDupliiis 
16 is coated \fith the hE>at resistant insulation 15C and then a . 
layev of 16C if form^il around the cotiplii^g and in the ad j anon t 
areas as shut/ci in Fig* 7. 
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Table 2 



SacRpl e A ppearance 

A OK. 

B " learned into a Xxiwpt 

C no, 

ly ' CpXlapsed 

EI 0^^- 

P " * I>ci* 

G ' Tcirned into a lump. 

H Glass whitened 

(Resin came sp^rt) 

I Dp, 

J Do. 
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1. nn eTec.tro^l& d&vice fox electrically heoiiog unJer- 
ground deposits of hyclrocarlions comprising: a plurality of woll 
pipe sections; an eteclroile adapfccd l« ho disposed in an undeu- 
grouiid deposit f>f hydrocarbon^^ for j;T»i>plyi7tB a7\ electxic current 

5 to <;rtid (indergrovnd deposit; a plurality of insiulated pipe jointsi 
each incZij<ling a first tubular miiJitbcr liavlnj? a flantit; portion 
at one end thereof, a second tubxil^r meTyib«T having a cap -port ion 
dt one vTid thexeof adapted to be received in soi6 i'lang& portion 
of said fixst tubular iTietnbca' with a ^a-^i thDiiibciweoTL, und hti 
10 insulatin^i member diSpOiScd in said jap betwAen said fl angp /por- 
tion and said c^p portion for hermetically coupling said i'irst 
and '^Dtond tubulax momber and for electrically insulating said 
first and second tubular rnesnbers from one another, said insulated 
pipe Joints being operativoly disposed to couple at lyast some 

iS i>£ said pipe sections and said electrode '^hllt electrit^klly 
Insulating said at least somi; of said pipe sections and ^nid 
electrode^ and a cable connected to said electrode for supplying 
an electric ciirrent to said electrode* 

2. TTic electrode device as set forth in claim 1 wherein 
at least some of said insulated pipe joints are lntcrc£>[inected. 

3. the electrode device as set forth in claiiti 1 h'heiein 
said i.Tisulating mpjubet of ^ach .of paid insulated pipo joints 
comprises a first insulating portion disposed in said gap between 
said flaugf? portlaji and said cap pox'tion, and second insulatiTtg 
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portions disposed adjacent inner and outer surfEti&s of said 
tubular mesnbers^ said first and s&cond insula Ling portions 
being formed intej^rally with each other. 

4, -nio eletitrode devico as set forth in claim 1 wher^iD 

said ini^iilating mtijnber- gf cutch of sAid insulated pip& joints 
15 made oT a ^I{i5>5-Tiiic.n maiding fonfied <r^ni glass dtvd mita 

Tho electrode device as :5Ct fortli in claitii 1 further 
comprising an an-suX^ting coat in profid^d op at least & portion 
gf an Outer surface oT said insulated pipe joints. 

6. The electrode dovico hs set forth in claim S. wherein 
said insul&tlng coating isi polyt^tranuorDctbylene , 

7. The electrode device as set lorttx in clatJH 6 wherwiu 
said insulating coatitig comprises a resin of thermally slirinkablo 
polytetrafluoroethylene, 

ft. The electrode device a? set forth in claim 5 vihoxt^in 

said insulating cositiiig comprises a resin of dipbenyl oxide. 
9^ Hie electrode dwic^e as set forth in an/ of claims 5-7 

further comprising a protective lc\yer of insulation .upoix tit : ' 
least a portion of said ixisulatin^ coatings 

xhc til^ctrode davico as set forth in any of claims S-7 
fuTthet comprising a protectiva layer of InsuUtion upon at 
least a portion of said insulating coating, said layer of 
protective insulation comprising a material selected from the 
group consistijig of polyrth/leaie^ polypro^^ylena and polyvinyl diloride. 
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11, An cl fir:r;r£>te cIcv.u:r for ijloctr 5.can.y bBatiniJ unclur- 

ground iX^^o.'^-XXe. Di hyclrocQrboL:>i; compr J.C;:b^g a plurality o£ inteMT- 
OOnncctOfl well pipa BGCt.ionB, nn L'-lootrfK^P- EldLipt^id to bo (3iBpoBGci 
in un«3erc5j:ourv5 c^epaait of hydrooarbone suyE>JLy-i-^ig olocUric 
cuxrG'.fit to £?aicl Liadcrfjraun^S depoal.tf &.t least una ijASuiatcd pipe 
joinl iriciudiiKj fir Sit tubular niembcr coiaprlsed of a well pipe 
section liAving a flamjO porf.iojn at onG tnd bTiOvpof , \i fitiCcnd tubii-^ 
lar nxEmfaer cOint^i ji:£!t;<3 oJ: said electrudtt d>.:spoi3fe(3 in LiligmuDiXt 
with sAid ±iri;t tubular infiiiibfir, a covt^r aiorab^r carriijd by :;af.d 
Eftcond tubuliijc niQitibtir bavinci Q cap portion jit one end thiirco.C 
dippoB^id in overlyinij rcl^i-ion to «iExid flangc .portion abOvC Sft-ld 
tirgt tubLilEti J[ion\L>&r wt th a gap thert^bi^twcen * an insulating member 
dl&poaed in iaxid gap betwften said fian^jO porl^on and yaid cap 
portion for her iftCtic ally coupling said first atid second tubular 
inembex fix^«3 for elect ricalS^y in em la ting said first and second 
ttibul^ir roembBrs from one another^ cfible meane gjonnscted to ?;aid 
cleotrodc for fiupplying an electric current tc aaid ^loctxode. and 
an a.n5fuiatin9 coating provifl<?d on cit ica:5t an outer surface of 
s;aid ^.novilating ^vipc :foiat* 




